A numerical analysis of the system performance of the intracavity adaptive optics experiment is presented. The analysis begins with a detailed comparison of the calculated and experimentally measured sensitivities of the unstable laser to both intracavity phase-tilt and astigmatism aberrations. The appropriate sensitivity measures considered here will be the outcoupled power and the far-field beam quality and power-in-thebucket due to the field distribution outcoupled from the cavity. Of primary importance here is the correction obtained by the multidither zonal COAT system when a known intracavity phase aberration is introduced. The experimental performance with either beam quality or power in the bucket optimization is numerically assessed along with a comparison of intracavity and extracavity adaptive optic control.
Introduction
The preceeding parts in this series of papers 1 -3 have been primarily concerned with the experimental implementation of a multidither zonal COAT system to correct for intracavity phase distortions, which, if left uncorrected, degrade the performance of a given laser system. These experimental results have shown that the correction attainable is strongly dependent not only on the particular optimization parameter chosen for the COAT system but also on the particular scenario taken in progressing from the aberrated to the corrected state. For example, it was found 1 that, with an intracavity deformable mirror, beam quality optimization would always improve that parameter, but that the correction was arbitrary in its effect on the outcoupled laser power and on the average only slightly improved it over its aberrated value. Power-in-the-bucket optimization, on the other hand, was found to improve all three quantities (power-in-the-bucket, beam quality, and outcoupled power), but the improvement in beam quality was, on the average, only about half of that obtained with beam quality optimization (see Fig. 10 of Ref. 1) . Clearly, an ideal intracavity adaptive optic system should optimize all relevant parameters at the same time.
Such an ideal intracavity adaptive optic system has been described theoretically in Refs. 4-8. It is shown there that a well-defined unique correction exists at the least for both phase-tilt and astigmatism aberrations and, in addition, that this correction optimizes all the relevant performance parameters for a given well-designed unstable laser system. This analysis will be employed here to assess the experimental performance obtained with the multidither COAT system approach to intracavity mode control.
The optical cavity configuration considered here is precisely that investigated experimentally in Refs. 1 and 2. The positive branch confocal cavity geometry of magnification M = 1.44 and equivalent Fresnel number Neq = 6.5 is illustrated in Fig. 1 . The remaining cavity parameters are provided in Table I . An idealized saturable gain medium model is employed in the numerical calculations presented here to represent the homogeneously broadened C0 2 -EDL system investigated in Refs. 1 and 2. With the extended gain medium described by a single gain-phase sheet situated midway through the discharge tube as shown in Fig. 1 , the radially dependent gain coefficient at that plane is given by
g (r,O) -f(r),(1 I + (r,0)/Isat
where g is the longitudinally averaged small-signal gain coefficient, sat is the average saturation intensity, and I is the local two-way intensity of the cavity mode field given here by the incoherent sum of the local counterpropagating field intensities. 6 The ad hoc function both an intracavity and extracavity deformable mirror. apertured) given in Table I . The longitudinally averaged gain medium parameters which represent the experimental conditions described in Refs. 1 and 2 are go where r is in centimeters. Finally, the appropriate reflectivi Ri or transmissivity i of each optical element comprising the experimental cavity arrangement is indicated in Fig. 1 . The lower reflectivity of the convex mirror (R = 0.93) presented here is such that it accounts not only for its own reflectivity but also for the two-way transmission through a ZnSe beam splitter used to sample the intracavity field in the experimental setup (see Fig. 1 
adaptive resonator configuration obtained numerically are described in detail in Ref. 6 . Included there is a detailed description of both the phase-tilt and astigmatism aberration sensitivities of this cavity along with the ideal correction capabilities afforded by an optimally configured intracavity adaptive optic element. The purpose of the present paper is twofold. First, the experimentally measured sensitivities of the unstable laser to both intracavity phase-tilt and astigmatism aberrations will be compared with the ideal numerical results of Ref. 6 . The appropriate sensitivity measures considered here will be the outcoupled power from the laser and the far-field beam quality and power-in-thebucket due to the field distribution outcoupled from the cavity. These far-field performance parameters are defined in Refs. 1 and 6. Of primary interest here, however, is the experimental correction obtained by the multidither zonal COAT system when a known intracavity phase aberration is introduced. This is provided by a detailed analysis of the experimental adaptive resonator performance in the presence of a quarterwavelength of applied intracavity astigmatism. Both the beam quality and power-in-the-bucket optimization results are investigated for the intracavity adaptive optic system along with a comparison of intracavity and extracavity adaptive optic control.
II. Base-Line Cavity Behavior
The base-line cavity behavior pertains to the unaberrated mode structure and resultant far-field performance of the experimental unstable laser system. In this first step of this analysis, all significant experimentally measured static aberrations are accounted for and remain throughout the numerical results presented in this paper. These include the azimuthally averaged small-signal gain profile described by Eqs. (1) and (2) and an estimated 0.0612 wavelengths of astigmatism due to thermal bowing of each of the two ZnSe discharge tube windows.
With these particularities, the resultant computed cavity mode and far-field irradiance structures of the base-line cavity (without a deformable mirror) are found to compare very well with the experimental measurements as shown in Fig. 2 close agreement with these measurements.] The remaining difference between numerical synthesis and experimental results (15%) may be attributed primarily to intracavity beam jitter due to mechanical vibration. The effect of this mechanical jitter on the intracavity mode structure of the experiment is made apparent on comparison of the short-and long-time average measurements of the intracavity mode irradiance structure depicted in Figs. 2(a) and (3). As can be seen for the short-time average measurement (Tave = 0.0625 sec), the diffractive structure is relatively sharply defined but is azimuthally incomplete (i.e., possesses several intensity voids), while for the longtime average measurement (Tav = 1.0 sec), the fidelity of the diffractive ring structure is reduced but is now nearly symmetric azimuthally. The most significant broadening of the long-time average intracavity mode structure is seen to appear in the central core region of the mode 6 since in that region the mode experiences the spatial jitter for the longest time, and this results in an increase in the flux eigenvalue of the mode, where
The effect of this intracavity jitter is directly carried over to the far-field intensity pattern depicted in Consider now the computed base-line cavity performance when the deformable mirror is situated within the cavity in the arrangement depicted in Fig. 1 . In these and later calculations of the experimental adaptive resonator performance, the interferometrically measured surface profile of the deformable mirror (DM) in each case considered was employed in the numerical model. In the present situation, the deformable mirror surface profile was flattened as best as possible. However, due to a strong localized surface error in this profile located in the first quadrant of the transverse coordinate system used here (which is inverted left to right and up to down from that used in the experimental results of Refs. 1 and 2) as depicted in Fig. 12 (A) of Ref.
1, the surface figure of this DM was unable to assume an optically flat position. This surface error was caused by a misalignment in the force train of one of the piezoelectric actuators which drive the DM surface. As a result, the best that could be accomplished was a socalled best-flat surface profile which tended to minimize the rms phase error over the active region of the DM surface. The computed intracavity mode irradiance structures for two different best-flat surface profiles The decomposition of these two interferometrically measured deformable mirror surface profiles in terms of the circle polynomials of Zernike' 0 is provided in Table II along with their differences (denoted by DM1 -DM3). For each best-flat mirror profile, no single aberration is >X/10, and, excluding tilt, each is below X/20 center to edge as is the difference. Nevertheless, the localized nature of the total aberration is severe enough to completely alter the intracavity mode structure and produce a confused far-field irradiance pattern as evident in Fig. 5 . In addition, note that slight changes in the deformable mirror surface profile (as for that given by DM1 -DM3) only slightly change the intracavity mode structure properties (a 4% change in intracavity power and a 3.4% change in outcoupled power with virtually no change in the flux eigenvalue 'YE), while they significantly alter the resulting far-field properties (a corresponding 47% change in relative beam quality and a 44% change in power-in-the-bucket taken about the ideal aligned optic axis of the laser system).
Since the dither amplitudes in this experiment were of the order of X/20 or less, the change in deformable mirror surface profile given by DM1 -DM3 is representative of the maximum excursion in mirror profile when the dithers are on. The analysis of Ref. 6 confirms this numerical observation. Hence, when the dithers are on in the intracavity mode, no dramatic discernible change in the intracavity mode irradiance distribution is evident, but the resultant far-field quality measures will fluctuate about a reduced average value not only at each dither frequency of the individual zonal elements but also at the sum and difference frequencies between each pair of zonal elements. 6 The maximum amplitude of this fluctuating behavior is equal to the reduced average value of the particular quality measure. Hence, in the present experimental system, a 40-50%o fluctuation in each far-field optimization parameter will occur about the reduced average value when the dithers are on, and this will seriously inhibit the corrective capabilities of the intracavity adaptive optic system as is shown here. Because of the fluctuation in the base-line behavior of the experimental system, it will be necessary to normalize the measured aberration sensitivities with respect to their respective base-line values.
Ill. Phase-Tilt Aberrated Behavior
Attention is now turned to the cavity sensitivity to an imposed intracavity phase-tilt aberration. The sensitivity measures considered here include the outcoupled power, power-in-the-bucket, and relative beam quality. A detailed theoretical description of both the passive and active cavity behavior under the influence of an imposed phase-tilt aberration for this resonator may be found in Ref. 6 . The computed active cavity behavior for the outcoupled power and resultant far-field powerin-the-bucket is depicted by the solid curves in Fig. 7 here, and the resultant relative beam quality is given in Fig. 8 as a function of the applied phase-tilt aberration strength.
Consider first the power outcoupled from the unstable laser device. The numerically predicted behavior indicated by the solid curve in Fig. 7 shows that the outcoupled power is an oscillatory function of the applied phase-tilt aberration strength. For a half-integral equivalent Fresnel number cavity as considered here, maxima in both the intracavity and outcoupled powers are expected to occur whenever there is a maximum of constructive interference along the optic axis between the edge-scattered field contribution from the cavity feedback aperture and the geometric mode; the number of wavelengths of applied phase-tilt aberration at which these maxima occur is given by
Here M is the cavity magnification, °ii is the first-order aberration sensitivity of the cavity evaluated at the intracavity phase perturbation plane, and 61 = ms 1 )X. The geometric approximation of this phase-tilt weighting coefficient is given by 4 which for the present cavity is equal to 5.70. This geometrically approximate value is exact at zero aberration strength. 5 ' 6 The numerically determined diffractive behavior of °1 (zj,3 1 ) for the active cavity considered here is given in Fig. 7 (the trivially obvious maximum at zero aberration strength is not indicated). On the other hand, minima in both the intracavity and outcoupled powers are expected to occur whenever there is a maximum of destructive interference along the optic axis between the edge-scattered feedback contribution and the geometric mode; the number of wavelengths of applied phase-tilt aberration at which these minima occur is given by 6 Mii = ( n = 0,1,2,3 ....
The self-consistent solutions of this equation are indicated by the upward-pointing arrows in Fig. 7 . The predicted first instability point at 0.09X is in good agreement with the first minimum in the numerically predicted outcoupled power. For larger applied aberration strengths, the cavity mode becomes off-axis in character. The predicted first off-axis stability point at 0.26X is in good agreement with the associated maximum in the numerically predicted outcoupled power. The remaining higher-order stability and instability points given by Eqs. (4) and (6) predict the proper periodicity associated with the extrema in outcoupled power but are shifted by approximately one-half period from the numerically predicted extrema. This discrepancy may be attributed to the azimuthally nonsymmetric character of the off-axis mode structure. The experimentally measured outcoupled power behavior as a function-of the applied phase-tilt aberration strength is indicated in Fig. 7 by the dashed curve when the DM is extracavity and by the dotted curve when the DM is intracavity. The measured data points in these two situations are, respectively, indicated by the triangles and circles in the figure. When the deformable mirror is placed outside the cavity, the experimental behavior is found to be in very good agreement with the idealized numerical behavior, particularly at aberration strengths below 0.4X. This then provides an indirect verification of the theoretical diffractive aberration sensitivity behavior described in Refs. 5 and 6. When the deformable mirror is placed inside the cavity, the experimental behavior is significantly altered from the extracavity behavior due to the greatly increased influence of the DM surface figure error. (The ordinate scale for these data has been shifted by 0.11X to remove this estimated tilt structure introduced by the intracavity deformable mirror surface profile.) Even in this additionally aberrated situation, the general tilt aberration behavior is preserved, and a well-defined off-axis mode situation occurs at approximately twice the first ideal off-axis point.
Similar behavior is observed in the resultant far-field power in the bucket measure, also depicted in Fig. 7 .
Here the experimentally measured behavior with the deformable mirror outside of the cavity is in very good agreement with the idealized numerical behavior taken about the far-field centroid coordinate (for aberration strengths below 0.4X). The behavior about the optic axis (with the deformable mirror inside the cavity) is found to monotonically decrease with increasing applied aberration strength, in good agreement with the numerically predicted behavior. This monotonic degradation is due to the overall beam-steering effect introduced by the phase-tilt, as evident in the relative beam quality behavior about the optic axis depicted in Fig.  8 . Returning to the power-in-the-bucket performance about the centroid coordinate it is seen that the experimental behavior with the deformable mirror inside the cavity peaks to its unaberrated value at a net phase-tilt aberration strength of 0.54X; this is due solely to a much improved relative beam quality at this point as seen in Fig. 8 . It must be remembered that the beam quality measure used here is normalized to its intentionally unaberrated value, which, with the deformable mirror intracavity, is from 2 to 4 times diffraction-limited. With this behavior, the closed loop intracavity adaptive optic system could easily lock onto any one of these relative off-axis performance maxima for either far-field beam quality or power-in-the-bucket optimization. Such behavior is observed in the experimental closed loop performance for static tilt correction given in 
IV. Astigmatism-Aberrated Behavior
Consideration is now given to the cavity sensitivity to an imposed intracavity astigmatism aberration. The sensitivity measure considered here is the relative farfield beam quality. A detailed theoretical description of both the passive and active cavity behavior under the influence of an imposed astigmatic phase aberration for this resonator may be found in Ref. 6 .
The computed active cavity behavior of the far-field beam quality as a function of the applied astigmatism aberration strength is depicted by the solid curve in Fig.   9 . Initially this quality measure increases monotoni-cally with increasing applied aberration strength.
However, for aberration strengths in the vicinity of a critical value cX, this aberrated behavior decreases over a small interval, and a potential well in the beam quality behavior is formed as seen in the figure. This anomalous behavior is simply caused by a zero value of the on-axis Strehl ratio which occurs at the applied intracavity aberration strength a'X (see Fig. 17 of Ref. 6) . If f(e)X\ denotes the amount of astigmatism defined over an annular exit pupil with radial obscuration ratio e necessary to produce the first minimum in the far-field Strehl ratio, this critical value is given by ac _ _e_
(7)
N2(Z 1, 6 2)
Here °2 is the second-order aberration sensitivity of the cavity evaluated at the intracavity phase perturbation plane and 52 = acX. The geometric approximation of this phase-curvature weighting coefficient is given by (8) which, for the present cavity, is equal to 2.997. As for the phase-tilt weighting coefficient, this geometrically approximate value is exact at zero aberration strength. 5 6 The numerically determined diffractive behavior of °2 (Z1, '2) for the active cavity considered here is given in Fig. 13 
The quantity (A1<) 2 is the mean-square deformation of the outcoupled wave front defined over the annular exit pupil of the unstable cavity. For third-order astigmatism, Eq. (9) yields
,/1 + e2 + e 4 The constant K must be estimated from numerical calculations since Marechal's equation is strictly valid for only small degradations from unity Strehl ratio. The experimentally measured relative far-field beam quality behavior as a function of the applied astigmatic aberration strength is indicated in Fig. 9 by the dashed curve when DM is extracavity and by the dotted curve when DM is intracavity. The measured data points in these two situations are respectively indicated by the triangles and circles in the figures. Each data set has been normalized to its base-line performance. The experimental behavior with the deformable mirror placed outside the cavity is seen to be in excellent agreement with the idealized numerical behavior. Due to an insufficient density of data points in the vicinity of the critical astigmatism strength a'c4, the potential well in beam quality is not observed in this experimental set. However, an inflection point in the experimental data is readily observed in the vicinity of the theoretical potential well, providing at the least a partial verification of the theoretical behavior. A potential well in the experimentally measured beam quality behavior is observed when the deformable mirror is placed inside the cavity as seen in the figure. In this situation the beam quality is seen to be less sensitive to the applied intracavity astigmatism, this being due to the aberrated phase structure introduced within the cavity by the intracavity deformable mirror. Finally, notice that both sets of experimental data indicate that a second potential well in the beam quality is formed around a 0.28 wavelength value of applied astigmatism. This is due to the second minimum in the far-field Strehl ratio, which occurs at '-(3/2)acX.
V. Astigmatism Correction Performance
Attention is now finally turned to the correction performance of the adaptive resonator experiment when a quarterwavelength of third-order 0° astigmatism is introduced at the intracavity phase perturbation plane. The intracavity system performance with either the far-field beam quality or the power-in-the-bucket as the optimization parameter for the multidither COAT system driving the intracavity deformable mirror is considered first. A detailed description of the feedback-control system to DM for both optimization schemes may be found in Ref. 1 . A decomposition of the deformable mirror surface profile in terms of the Zernike polynomials in both the open and closed loop states is provided in Table II for both the BQ optimization and PIB optimization experiments treated here. The extracavity system performance is described at the conclusion of Sec. V. In this situation there is no difference between beam quality and power-in-the-bucket optimization since the intracavity mode is unaffected by the adaptive optic system. In each final corrected experimental state, the dithers were turned off and the deformable mirror was frozen in place at the correction profile to which the multidither zonal adaptive optic system converged to optimize the far-field performance measure and hopefully correct for the applied intracavity astigmatism. In each experimental test, the farfield detector aperture size was set at 1.OXf/D.
Consider first the adaptive resonator system performance with beam quality optimization. The open loop (best-flat) intracavity deformable mirror phase profile DM1 at which the experiment was initiated is depicted in Fig. 10(a) . The resultant open loop unaberrated intracavity mode and far-field irradiance structures are illustrated at the top of Fig. 11 . When the X/4 astigmatism aberration is introduced at the intracavity phase perturbation plane with profile given in Fig. 10(b) , the intracavity mode and far-field irradiance structures become that of the open loop aberrated cavity depicted in Fig. 11 . After loop closure, the intracavity deformable mirror assumed the profile depicted in Fig. 10(c) .
The resultant closed loop aberrated intracavity mode and far-field irradiance distributions given at the bottom of Fig. 11 are clearly different from those of the open loop unaberrated state. The integrated relative far-field intensity curves for this BQ optimization test (taken about the aligned optic axis defined by the ideal unaberrated cavity) depicted in Fig. 12 show that the closed loop aberrated performance is greater than that of the open loop unaberrated state for Dr/Xf > 0.3 and is also greater than that of the open loop aberrated state for Dr/Af > 0.7. Thus, the relative beam quality was increased on loop closure (notice that it also increased when the X/4 astigmatic phase aberration was introduced), so that the multidither COAT control system behaved in the proper sense. However, the important question to ask here is: Did it totally correct for the applied intracavity astigmatism? Upon loop closure, the deformable mirror changed its third-order phase curvature structure in going from the open loop DM1 profile to the closed loop DM2 profile according to the approximate expression (see Table II) Ph=212 Watts 
Thus, an equal (but small) amount of third-order 450 astigmatism and x -phase cylinder was applied to compensate for the, applied 00 astigmatism. This clearly does not correct the intracavity astigmatism. Inspection of 
which is primarily x tilt and third-order x coma. All the other changes in the deformable mirror phase profile upon loop closure are <0.01 wavelength. The small amount of tilt introduced when the loop was closed was primarily for the removal of a small amount of misalignment present in the open loop state. Upon close examination of Fig. 11 , it is seen that the far-field irradiance distribution for the open loop aberrated cavity is at a line focus due to the outcoupled astigmatism.
The closed loop response simply left the far-field at this line focus while sharpening its fidelity there. This behavior is primarily due to the nonideal ambient surface profile of the deformable mirror. Hence, it is of fundamental importance to maintain complete control over the deformable mirror surface profile at all times in an intracavity adaptive optic system. Consider next the adaptive resonator system performance with power-in-the-bucket optimization. The open loop intracavity deformable mirror phase profile DM3 at which this experiment was initiated is depicted in Fig. 13(a) , and the corresponding open loop unaberrated intracavity mode and far-field irradiance struc- obtained with beam quality optimization (see Fig. 11 ).
The integrated absolute far-field intensity curves for the PIB optimization test (also taken about the aligned optic axis defined by the ideal unaberrated cavity) given in Fig. 15 show that the closed loop performance is equal to that of the open loop aberrated cavity for Dr/Af S 0.6, is improved over that of the unaberrated cavity for all larger far-field radii, and is approximately equal to that of the open loop unaberrated cavity for Dr/Xf > 1.0. Thus, the power-in-the-bucket was increased upon loop closure so that the multidither COAT system again behaved in the proper sense. Still, the important question to ask is: Did it totally correct for the applied intracavity astigmatism? In this case the deformable mirror changed its third-order phase curvature structure in going from the open loop profile DM3 to the closed loop profile DM4 according to the expression (see Table II applied 0.121 wavelength of x-phase cylinder to increase the far-field power in the bucket. This is simply the amount of phase cylinder necessary to move the far-field pattern from the circle of least confusion caused by the outcoupled astigmatism to one of the line foci of the now cylindrically phase-aberrated output field. This close correlation between the applied astigmatism-aberration strength and the resulting applied phase cylinder at the DM suggests that this performance is not solely due to the nonideal ambient deformable mirror surface profile but rather is primarily caused by the multidither zonal COAT system itself.
Finally, consider the /4 intracavity astigmatism compensation with an extracavity deformable mirror. The open loop extracavity deformable mirror phase profile DM5 at which this experiment was initiated is depicted in Fig. 16(a) , and the corresponding open loop unaberrated far-field irradiance structure is presented at the top of Fig. 17 . The open loop aberrated far-field irradiance distribution resulting from the introduction of the /4 astigmatism aberration at the intracavity phase perturbation plane is illustrated in the middle of Fig. 17 . After loop closure the extracavity deformable mirror assumed the profile depicted in Fig. 16(c) . The resultant closed loop aberrated far-field irradiance distribution given at the bottom of Fig. 17 is clearly near a line focus of the outcoupled astigmatic phase profile from the unstable laser. The integrated relative farfield intensity curves for this extracavity correction experiment (taken about the aligned optic axis defined by the ideal unaberrated cavity) given in Fig. 18 show that the closed loop performance is only slightly better than that of the open loop aberrated cavity for Dr/Xf < 1.6 and is considerably less than that of the open loop unaberrated cavity over the entire integration domain illustrated. Strictly speaking, the far-field performance over the detector aperture was improved upon loop closure so that the multidither COAT system again behaved in the proper sense. However, this improvement is far from the ideal that can be obtained with an extracavity adaptive optic system. (An 50% recovery of the unaberrated quality is attainable at this aberration strength as seen in Figs. 21 and 22 which is primarily x and y tilt, y cylinder, third-order y coma and clover, and fifth-order astigmatism. Evidently the multidither COAT system was seriously inhibited by the potential well at a&X (see Fig. 9 ) and locked onto a local rather than a global maximum. In addition, note that this local correction is not at this particular boundary point (which would result by the application of pure astigmatism) but rather is at some other point defined by the multidither process itself.
VI. Conclusions
The experimental behavior analyzed here, which was typical of the data described in Refs. 1 and 2, clearly astigmatism compensation experiment with an extracavity deformable mirror.
demonstrates that the corrective capability of a multidither zonal COAT system is, at best, only marginal when applied to intracavity transverse mode control in an unstable laser. Such an intracavity adaptive optic system which is reliant on the multidither zonal COAT system technique is seen to provide only indirect control of the intracavity mode. This fact immediately leads to the observed performance dependence on the particular far-field optimization parameter chosen for the feedback control signal to the COAT system. In addition, the multidither zonal approach was seen both here and elsewhere 6 ' 8 to produce drastic temporal changes in the far-field irradiance structure (of the order of a 50% variation in both the beam quality and power-in-the-bucket), thereby severely hindering the effectiveness of the COAT control system. The dither amplitudes in the experiment analyzed here were all =X/20, the smallest being X/105 at the two center actuators of the deformable mirror (see Table III of Ref.  1 ). This multidither effect should be reduced to a manageable level if either the dither amplitudes are all reduced to <X/100 or the number of effective actuators driving the deformable mirror surface profile are increased (see Fig. 25 of Ref. 6) or preferably both. However, with a reduction in dither amplitude, the SNR could be diminished to a troublesome level. When combined with the nonideal experimental correction performance (i.e., local rather than global correction) obtained with either relative beam quality or absolute power in the bucket optimization as analyzed here, it is clearly seen that this multidither approach is, at best, only marginally successful when applied to intracavity transverse mode control. The one thing that the multidither COAT control system did well was to make the small alignment changes necessary to center the nearest far-field hot spot on the far-field bucket from which the feedback signal was derived. Finally, the measured experimental outcoupled power and far-field quality behavior presented here provide an important albeit indirect verification of the theory of phase aberration sensitivity in unstable cavities developed in Refs. 4-6. The practical importance of this is realized in the deterministic approach to intracavity mode control described in Refs. 6 and 8.
This new technique is based on the well-founded theory of the aberration sensitivity in unstable cavity geometries and, unlike the multidither approach, directly controls the intracavity transverse mode structure.
